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This report contains the findings of the Nationol Science Foundation's (NSF's) Survey of Seisntific

ond Engineering Expenditures ot Universities and Colleges, FY 1984. The survey was moiled to a

rondom sample of approximately 400 universities dnd colleges selected from the 566 institutions

granting o gruduote s

rately budgeted research and development (R8D) activities”

nce or engineering {S/E) degree_ongd/or performing at leost $50,000 in sepa-

Estimates made by NSF for R&D expendi-

tures of nonrespondent or nonsampled institutions represented & percent of totol academic- R&D

‘Estimotes for FY's 1985 ond 1986 are based on Federal obliga-

expenditures in fiscal year [FY) 1984/ Es

tions potterns, on unpublished dota from the Office of Monogement and 'Budget for R&D activities at

universities and colleges. and on recent trends.in non-Federal funding. All Re-D expenditures in this

report refer to-FY-spending levels, and data are given in current dollars except where specified

constant 1972 dol

An the absence of a reliable R&D cost index, the gross national product (GNP)

implicit price deflagér developed by the Department of Commerce is used to convert current dollara

to constant 1972 dollars calculated as of July 1985. The use of the GNP deflator can only approximate

changes in costs.

Highlights N
-+ o Expenditures by universities and colleges for separetely

budgeted research and development (R&D) activities in sci-
ence and engineering are estimated io reach $10.6 billion in
1986, up 8 percent per year in real terms during th2 1984-86
period. This upsurge results from the rise in Federal R&D

obligations in 1864 and 1985, coupled with increased fund-

ing for academic R&D activities from all other sources.
Reductions anticipated in 1986 Federal R&D funds, how-
over, would have a dampening effect on 1967 academic RaD

spen ’s,l,ev,eli, T .

+ o In 1086, Federal agencies are expecied to provide nearly
two-thiirds of the total R&D siipport, about $8.8 billion, an
average annual increase of 8 percent in real terms over the

1964 totsl of $5.4 billion. Support from all non-Federal sour-
ces combiazd is also expected to increase on the average of
8 percent per year in constant dollars between 1984 and

1988 to a tolal of approximately $38 billion.

mated to res¢h
5.6 billion. e major portion of this incresse Will come:
Trom Federal agencies (pariicularly the National Institutes
of Health) which are expectsd ® provide two-thirds of these
funds; or about $48 billion. =~~~ =

- © In 1984; the most recent year for which detailed aca-

demic R&D data are available, current-fund expenditures

for separately budgeted RAD activities totaled $3.4 billion, -
nearly one-tenth of the $96 billion expended nationally for \

research and development. The 8-percent increase in. uni-
versity R&D spending (5 percent in_constant dollars) from

1983 to 1984 was attributable in large part to renewed real-
dollar growth in Federal support.

«- ®-Academic R&D spending rose in each major science/
engineering (S/E) field in-1984. Rates of growth were sim-
ilar for engineering and all sciences combined; between 8
percent and 9 percent over 1963 levels. The most rapid spend-
ing increases among-the major science fields occurred in
the computer and mathematical sciences, up 25 percent and

constant dollar over 1083 levels, and accountad for 8 per-
cent of the R&D-total, similar to previous years. Fedsral

agencies supplied nearly two-thirds of these funds:

equipment for research, development, and instriiction
amounted to over $1.2 billion in 1984. The largest portion (81
percent) of this total was in the life sciences. Non-Federal

urces of support provided almost nine-tenths of total capi-

tal expenditures.
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Sources of Support

- Separately budgeted expenditures for R&D programs in
the sciences and engineering totaled $8.4.billion in-1984, uip
9 percent (5 percent in constant dollars) over 1983 levels.
R&D spending is estimated to reach $10.6 billion in 1986, a
rise averaging 8-percent per year in real terms during the
1984-86_period: Federally financed academic R&D spend-

ing rose 9 percent in 1984 (5 percent in constant dollars) o
more than $5 billion; an indicator of renewed growth after

two years of barely keeping pace with inflation. The aver-

age annual 9-percent real-dollar rise in. R&D obligations
from Fedcral agencies in 1983 and 1985 provides reasonable
assurance of conlinued spending increases through 1986,
when expend’tures from Federal sources are esfimated to
reach $6:8 billion (chart 1).' The 1986 Federal budgst reflects a

real-dollar downturn in obligitions to universities for R&D

activities; however, which would result in a leveling off or
decline inacademic spending levelsin 1987.2.

Non-Federal R&D expenditures totaled $3.1 billion iri 1984,
an increase ol 9 percent over 1983 levels, or 5 percent in

constant-dollar terms. Industrial support (8457 million).
although still accounting for a 5-percent share of total aca-
demic R&D spending in 1984, showed the most rapid real-
dollar increase; 17 percent. This siirge in industrial support
is consistent with and largsly attibutable to the increase in
levels of industry/university collaboration and partner-
ships during the past decade: The categories “institutions'

ion. Federal Funds for Research and Develop-
_Years 1°94. 1985, and 1986. Volume XXXIV (Detailed Statistical
Tables) (Washinglon. D.C.. 1986). tabla C-1.

own funds” (1.3 billion) and “all other sources™ (8630 mil-
lion), swhich includes nonprofit foundations and voluntary
health agencies, reflected real growth of 4 percent each in

1984.

Fields of Science and Engineering o
_ Growth rates in 1984 R&D spending in most major S/E
fields either equaled or exceeded the 1983-84 inflation rate
of 4 percent (chart 2). For the foiirth consecutive vear; the
fastest increase occurred .in the computer sciences. up 25

percent. [ollowed by mathematical and physical sciences,
up-18 percent and 11 percent, respectively. The rise in com-
puter science expenditures has consistently. outpaced. all
other fields, growing at an average yearly rate of about 20
percent over the past decade, fueled mainly by Federal sour-

ces of support. Still.the-computer sciences accounted for
cnly 3 percent, or $222 million, of total academic R&D spend-
ing in 1984. Engineering fields showed an 8-percent increase
over 1983 levels; led by civil engineering which showed a

jump of 21 percent. Eﬁjineering,expeﬁdimr@sii;i 1983 once

again acceunted for-a 14-percent share.of total academic
S7E spending. Spending in ihe social sciences showed the

first. current-dollar increase since 1981 but still failed to
keep pace with inflation.
Character of Work o
- Academic basic research expenditures rose 7 percent in
1984,.0c 3 percenl in constant dollars. Of the $58 billion
expended on basic research. two-thirds was provided by
the Federal Government. Growth in 1884 Federal funds
devoted to fundamental research outpaced. inflation for the
first time since 1981, up 3 percent in real dollars over 1983

levels {chart 3). Non-Federal support ($1:8 billion) rose aboiit 4

Chart 1. Acadsmic R&D expenditurss by source

Constant (1972) dollars®

Percent chéiiée from previous ysar
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Chart 2. Academic R&D expenditures by

sclence/engineering field

Percent change, FY 1963-84
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percent in real terms. The 1984 and 1985 Federal budgets
reflect continued real-dollar increases in academic basic

research suppport, averaging 7 percent per year.> These gains,

combined with growth in non-Federal funds and a relatively
low projected rate of inflation, should result in significant

real growth in basic research expenditures over the 1985-86
period* - - - L -
- Higher education expenditures for applied research and
development combined totaled $2.9 billion in 1984, an increase
of 12 percent {8 percent in real terms} over 1983. This repre-
sents the first substantial real-dollar growth in such activi-
ties since 1980 and can be attributed to rises in support from

both Federal and non-Federal sources.

Research Equipment Expenditures
__Separately budgeted acudemic R&D expenditures for S/E

research equipment from current-fund accounts were up an
estimated 19 percent in 1984 to approximately $518 million.
constituting a 6-percent share of total academic R&D spend-
ing, similar to the portion reported-since 1980. Growth in

research equipment spending exceeded the inflation rate in

1983-84 increase in equipment expenditures took place in

the physical sctences. Federaily funded equipment spend-
ing grew an impressive 23 percent from 1983 to 1984 and

accounted for almost two-thirds of the total.

Blllions of dottars

Comstant (

*Ihid. o LTIt
_*National Science Foundation. National Patterns of Science and Techriol-
ogy Resources: 1986. op cil.

sres for basic research by source
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Chart 4. Capital sxpenditures for aclentific/anginesring

activities at universities and colleges by source’
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In addition to the $8.4 billion in separately ‘budgeted R&D

expenditures, academic inslitutions expended $1.2 billion
in 1984 for capitsl investment in S/E facilities and equip-
mernt for research, development, and insiruction (chart 4).

This is the second consecutive year that capital spending
has topped $1 billion; a level attained in 1983 for the first

time since peaking in 1676. Considering the effects of infla-
lion, however, 1884 capital spending was only about 80 per-
cent of the amount reported a decade ago.® The Federal role

was limited, providing a 12-percent share of the tn:al spent,
compared to 27 percent in 1974.

- *Comatant 1672 dallars are based cn the implicit price deflator for nonresi-
dential fixed investments developed by the Bureau of Economic Analysis,

De;rtment of Commerce.

LA 222 R

Detailed Statistical Tables for Academic Science/Engi-

neering: R&D-Funds, Fiscal Yeor 1984 will be_available

early in 1986. For further information on the tables. contact

the Editorial and Inquiries Unit, Division of Science Resources

Studies; tel: (202) 634-2622.

The National Science Foundation (NSF) has Telephonic
Device for the Deaf (TDD) capability which enables
individuals with hearing impairment to communicate
with the Division of Personnel and Management for
information relating to NSF_programs, empl

ment,
or general information. This number is (202) 32;:1{82.
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Survey of 300 U.S. Firms Finds One-Half Employ

Foreign Scientists and Engineers

This report presents data on the employment of foreign scientists and engineers in U.S. industry. A

telephone survey conducted in June 1885 for the National Science Foundatiun' (NSF) obtained responses
from 152 large firms (Fortune 500) and 153 other firms. The survey included the following industries:
Mining, construction, petroleum refining and extraction, chemicals/drugs, primary and fabricated
metals, office equipment, electronics {including communications equipment and computers); electri-
cal mochinery. aircroft/aerospace, other transportation equipment, machinery, electric-and gas serv-
ices, engineering/architectural services, and independent research and development (ReD) labora-
tories. The groups covered in the survey employ 75 percent of the scientists and engineers working

in American industry. The responding firms employ about 400,000 scientists and engineers, approxi-

mately 16 percent of such industrial employment. The firms surveyed were not part of a statistical

sample; therefore; the data are 1ot weighted to represent national estimates. Throughout the rapor,

the term “foreigner" refers to a non-U.S. citizen employed in this country.

Wighights '
_ + One-half of the firms surveyed in June 1685 utilize for-

eign scientists or engineers. Their employment is particu-

larly widespread in the chemical and drug industry (62 per-
cent of firms); the electronics industry (52 percent), and amang
independent research and development (R&D) laboratories
(72percent). I ,

- American industry has a substantial dependency on for-
eign supply of scientists and engineers. In the firms employ-

ing foreign citizens; they accounted for an average 9 percent
of the science and engineering (S/E) work force. In addition

_ to these foreigners another 11 percent of the S/E employ-
. mentin the responding firms was of naturalized U.S. citizens.
" e There were diffesernices between industries in the utili-
zation of S/E workers from abroad. In the responding firms
that employed foreigners, these workers, plus naturalized

U. S. citizens, accounted for about one-third of the S/E employ-
ment at commercial R&D laboratories, computer/electron-
ics firms, and petroleum extraction and refining firms. How-
ever,-leas than one-fourth of the S/E workers in chemicals;
metals, machinery/transportation;, and mining were of for-
eign origin.

work experience; the remainder were recent gradvates at

the time their current employer hired them. On average,

 the experienced personnel had been working as scientists
~ and engineers for five years when hired. -

& Foreign workers bad ‘higher than average level of
education—35 percent held S/B doctorates compared 1o a
national average of 12 percent for the 8/E work force. About

thres fourths o all the foreign personnel recsived thels highiest

level of S/E training in the United States. .
@ On average; in all firms that employed theru; foreigners

accounted for 8 percent of the scientists and engineers hired

between June 1984 and June 1985. They represented 14 per-
cent of all newly hired scientists and engineers in the elec-
tronics firms, 12 percent in independent R&D laboratories,
7 percent in chemical/drug firms, and 2 percent among firmsin
other industries combined.

Introduction - -
-_The Nation's reliance on immigration for staffing the S/E
work force has increased substantially. Studies of the U.S.
S/E populaticn show that the proportion made up of foreign
citizens and naturalized U.S: citizens increased from 10 per-
cent to 17 percent between 1972 and 1082:' Evidence points
to an increase in the rate of naturalization to U.S. citizen-
ship over the period, with naturalize ! citizens increasing
from about 6 percent of thie S/ workers in 1972 to over 13
percent in 1982. The increase in the proportion of the S/B
labor force made up of persons from abroad has focused
attention on the utilization patterns of foreigners in_this
country. In addition; the impact of U.8: immigration laws;

{Washington, D.C., 19885},

Propared n the Ulizstion Studies Group, Division of Science Resources Stdies
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neers,

which _aftect the flow of foreign scientists and e

has become an issue of concern to policymakets. This report,
which includes information obtained from a June 1985 sur-

vey of employers in the private industry sector, addresses
the extent and magnitude of current employment of foreign
scienlists and engineers.

Employment of Freign Citizens .

_ Many firms utilize foreign scientists and engineers in their

work force. Employment of such workers was reported by

50 percent of the survey respondents and was particularly
widespread in the chemical/drug indusiry (62 percent of

firms); the electronics® industry (52 percent), and i ndepend-
ent commerical R&D labora‘ories (72 percent) (chart 1).
- Foreign personnel represente< an average of 9 percent of

the total S/E work force of all the surveyed firms employing

them. They accounted for 11 perceat of S/E personnel in the

electranics. computers. and communications equipment industries’
respondents had similar foreign citizen utilization pattersis and wers coiii-
hined into the “elecironics™ category for piirposes of ihis report.

"The electronics, computers. and comma

Chart 1. Employment of forsign sclentists and enginaers
in selected firms by industry: 1985
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electronics firms, 22 percent in_the independent R&D labora-

tories, 5 percent in chemical/drug firms; and 4 percent in

other industries combined. - .- . - .- = -
Respondents in one region of the United States—the “Sil-

icon Valley” area of Northern California—utilize foreign
workers at a much higher level than the averags for the

country. The survey found that foreign scientists and engi-

neers were employed by two-thirds of the “Silicon Valley”

respondents. One-third of the S/E workers hired by those

respondents between June 1984 and June 1995 were foreign.
_ Primarily, the surveyed firms employ foreign workers in
the following fields: Electrical and electronics engineering.

computer science 2nd engineering, chemistry and chemical

ergineering, biology; biochemistry, and medical sciences
(table1j. - _ — - oo -

Approximately -three-fourths of the employing firms
reported turncver for foreigners to be about the same as for
U.S: citizens in comparable positions. A majority of the firms
also said that the same career opnortunities were open to

both U.S. and foreign citizens. -~

- Many foreigners in the U.S. eventually become natural-
ized; therefore, data on foreign citizens understate the par-
ticipation of those from abroad in the S/E work force. In

firms that 2mployed foreigners, these personnel accounted
for_y percent of total S/E workers, and naturalized U.S.

citizens accounted for another 11 percent. In some industries—

Table 1. Percent of responding firms smploying.
foreign scientists and engineers by industry and
occupation: June 1985
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mdependemJ!&B Iabos-atouesreleclmnms and pelroleum

extraction and refining—foreigners and naturalized U:S: citi-

zens accounted: for roughly one-third or more of all S/E
workers {chart 2).

Chart 2. Foreign and naturalized U.S: ctizens
as percent of sclance/engirieering work force
in selected firms by industry: 1985
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Paue?iii of Fllrlng Ferifgn Sclentlm and
Engineers; June 1984-June 1985

_Although one-half of the. surveyedimm:s hu:edlormgn

scientists and engineers, patterns differed by industry. For-
éigners represented 14 percent of newly hired acientists and
engmeeu in the electronics firms employing them: 12 per-
nt R&D laboratories, 7 percent in chemical/
drug firms, and 2 percent in all remaining industries com-
bined, for an overall average of 8 percent.

- Most (68 percent) of theforempemnnelinall induse

tries combined had previous work experience at the time of
being hired; with an average of five years in the work force:

EKC

wll Toxt Provided by ERIC

3

(20 percem) at the time of hire. Electronics firms were the

most likely to hire experienced foreign workers instead of

new graduates (75 percent versus 25 percent). Generally,

about two-thirds of hires; both experienced -and new grad-
vates. had permanent resident status when hired. Foreign-
éi‘§ éiﬁﬁlﬁyéd bj’ |iidéiiéi’idéi’ii R@D lﬁbiii'ﬁiiii'léE Wéi'éi lhé
abroad.. . -

_Foreigners_ hu-ed by lhe respondenle appear to have a

hlgher level of educational attainment than that of the. S/E

work force of the United States. Overall, about 12 percent of

U.S. S/E workers held Ph. D.'s; and: 28 percent. master’s
degrees:® whereas 35 percent of the foreign citizens hired
by the respondents held doctorates, and 25 percent, mas-
ter's degtees. Approximately three-fourthis of these person-
nel received their hxghest level of S7TE ireimng in the United
Sl?"s. S

Ghemmcal/drng flrms were. the least hkely to hu'eiorelgn

bachelor Solevel personnel (8 percent of thase hired) anﬂ

electronics firnis were the reverse—about 55 percent of recenl
foreign hires were at the bachelor’s level and 15 percent
held doctora: ss. Almost 60 percent of new hires by the inde-

pendent R&D laboratories were at the doctoral level

ers were that they were the most qualified apphcants (58
percent of responses}), and that there wasa shottage of quali-
fied U.S. candidates [35 percent). Nearly 8 percent of the
respondents cited superior overseas training, more value
for the salary, knowledge of foreign markets, and satisfac-
tion of EEO rezuirements as reasons for hiring foreign citi-

zens. On the other hand, of those firms that did not hire
foreign citizens; three-fifths stated that there was a suffi-
cient supply of qualified U.S. citizens to fill their staffing
needs without having to hire foreigners; and one-fourth stated
that they were not hired because of the red tape and costs
invalved (chart 3).

Futuro leing Plins

- Most firms (71 percent) expected forelgners to be about
lhe same proportion of new hires oetween June 1985 and
lane lmmdunng the prior year. Twenty-three percerit

eipected foreign hires to be at a lower rate; and only 8

percent indicated plans to increase their hiring rate. The
most common reasons firms provided for plans to hire for-

U.S. citizens and the anncxpanon of decreased hmng require-
ments for scientists and engineers in general through June
1986. - - -
__Four out. of jwe Iumlhat empluyforeigneﬂ wuulinut

change their hiring practices if, in the future, U.S. proce-

dures for the employment of noncihzem became less cum-

--3National Science Found-mus. Sdeuﬂsamtw 1902 (Deuﬂod
Statistical Tables) (NSF84-321) (Washington, D.C:; 1984).
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Chart 3. Ressons undedying employer decisions reparding  Sponsorship of Foreign Citizens !

the 480 of forsign sclonce/enginesring personnel Under the immigration laws, foceign cifizens who enter

s oo — the United States as immigranis (for legal permanent resi-
Fercent of respondents : dence) but who do not have familial relationship with-U:S:

0 10 20 3 50 _® cilizens or permanent residenis. and therefore do not have
L T T LI entry privileges, must be sponsored-by a U.S. employer. In
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sponsorship category. The sponsoring employer must prove
Nessans for hiring | that a_qualified U.S. worker is not available for the job

vacancy in order to obtain a labor certification from the
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Department of Labor. The employer must then petition the

R Immigration and Naturalization -Service for issuance of a

Shortage of quakied 72 . visa to the would-be immigrant. If the employer’s petition s
{22z ‘ approved, the alien may then apply for a visa. _

- Of the firms that hire foreign scientists end-engineers, a

i majority (57 percent) undertake sponsorship of pecple who

77 do not have permanent resident status. Seventy-five per-

cent of the independent R&D laboratories, 89 percent of the

electronics firms. 50 percent of the chemical/drug firms.
i ii W 2 2 L A 22 2 A and 33 pe ?c,ent Of lh,e firm,s |!'| u‘g r,emajnirls iﬂdllstﬁ,es Spollﬂor
o m@w 77 foreign citizens. Two-thirds of -the firms that sponsor for-
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S ' The National Science Foundation (NSF) has Tele-
e phonic_Device for the Deaf (TDD) capability which

0 0 20 2 4 0 enables indivi?::als with hearing impairment to com-

e — municate with the Division of Personnel and Manage-
6 Sy KRS A o B bt o i ment for information relating to NSF programs; employ-
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’rollment Shows Smallest Inerease

Graauate Q/E Er

Since 1977

This report presents data collecied in the National Science Foundation's (NSF's) Survey of Graduaie
Science and Engineering-Students ond Postdoctorates, Fall 1934. Estimates are-based on respornses

from ali 325 doctorate-granting institations in the United States and a stratified-random sample of
the 293 U--S. institutions with one-or more master's-level programsin-science and engineering {5/E)

fields. Data are believed to be accurote within % 3 percent ot the 95-percent confidence level:

Responses were received from 93 percent of the deportments surveyed, and estimates for nonre-
spouse made up less than 6 percent of the gradudte S/E total shown in this report. Unless otherwise

specified; "'graduate S/E enrollment” includes all students enrolled either full- or part-time in pro-

grams leading to graduate S/E degrees.

Highiights
ALL GRADUATE INSTITUTIONS

s The cstimated 415,000 S/E graduate studentaenrolled
in all institutions of highersducatton in-fell 1984 repre-

sented almost no change from the prior year. Various fac-

tors which have centributed to_the slswdown in enrollment
growth are expected to continue; and_an increase of leas
than 1 percent is estimated for fall 1985 graduate S/E enroil-
percent. ;ﬁle current levellng off follows the general slow-
down in the rate of expansion of academic enzollment at ali
levels.

. The ievelingofl in overall graduate S/E enrollment

occurred primarily es a result of smaller enrollmeni among
nondoctorate institutions-coupled with a slight drop in the
énrollment growth rate in doctorate-granting institutions.

__e Graduate eggineering enrollment rose by 2 percent to

about 95,000 in 1984, compared to a 5-percent average annual

growth rate between 1977 and 1983. Graduate science enroll-

ment was virtuaily unchanged from 1883; after an average

increase of 2 percent per year during 1977-83.
N DOCTORATE;GRANTNG INS'ITI'UTIONS

the previous aityeere. This }
An the number of students enroIl’i me and a Z-perce

. Among individual S/E fields. full-time graduate enroll-
ment in compuler science continaed to increase at the fast-
est rate. The 9-percent increase from 1883 to 1984 repre-
sented a sharp reduction from the 14-percent average annual
increase reported in the 1977-83 period. In view of the slack-
ening of the growth rate in total S/E enrollment, however,

the 1983-84 increase indicates that the market for computer

scientists is still relatively strong: Graduate engineering enroll-
ment growth also slowed; from a 7-percent average annual
rise between 1977 and 1983 to 2 percent in1984.

percent in 1984, a rate of growth that wis about one-half the
4-percent average of the 1977-83 period. The number of men

rose by t percent, equuihng the rate of the previous six

cent, repeating the growth rate of the previous year The

48,000.total reported for 1984 is 10 percent below. the 1980
peak of nearly 53,000. NSF and the National Institutes of

Health (NIH) were primarily responsible for the 1983-84

growth, up 4 percent and 3 percent, respechve!yl‘uﬂ-time
S/E graduate students receiving their main suoport friim

percent) e
] Otlhnpportoategones (researchasuiatantxteaclunsasiat-

increases in 1884. The 1-percent mcrease in-the number of
féllowillijﬂ and traineeships awarded was the first growth
since 1977.
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_» The 61,000 foreign students enrolled full time in gradu-

ate S/E programs in doctorale-granting institutions in 1984
represented a 2-percent increase, down considerably from
their 8-percent annual rise during the 1877-83 period. The

number of U. S. citizens rose by 1 percent.

Total Graduate S/E Enroliment ,

Total graduate enrollment in S/E programs in all institu-

tions in the United States in fall 1984 is estimated a1 415,000,
virtually the same as in 1983 (chart 1).' A slowdown in the
rate of graduate enrollment growth was also reported by the
Council of Graduate Schools, which showed a slight decline
in 1984 in graduate enrollment in all fields at master's-granting

institutions and an increase of less than 1 percent in doctorate-
granting institutions, for an overall level of enrollment almost

-unchanged from 1983. Data from the Department of Educa-

*Because te sampling error ai ihe total iavel is significantly larger than

the-apparent growth rate-in total graduate S/E-enrollment from 1983 1o 1994,

universe data presented in this répott should be used wiik caulion. - -

*CGS Communicator, Special Report, Vol. XVill, No. 2. February 1985 p. 6.
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tion's-Center for Statistics (CS] also show an increase of less
than 1 percent in total graduate enrollment.

Institutions o

_ The remainder of this report_concentrates on full-time
graduate S/E-enrollment in doctorate-granting institutions,
which comprises 59 percent of total graduate S7E enroll-
ment in all institutions. -~ -~ =~ -~ . A
- The 247.000 graduate- students enrolled full- time in pro-
grams leading to a master's or doctorate S/E degree: repre-

sented an increase of 1 percent over the 1983 total, com-
pared to nearly 2 percent in the number of part-timers.
Both groups showed substantial declines from their 1977-83

average annual growth rates of 2 percent and 4 percent,
respectively.

- Although full-time enrollment in-most S/E fields was up

slightly from the 1983 levels; the rates of increase were sig-
nificantly lower than those of the 1977-83 period. Engineer-
ing enrollment. which showed an average annual growth of

7_percent over the previous three years, rose by only 2 per-

cent in 1984. In_the computer sciences. the 1933-84 growth
was 9 percent..compared 1o 14 percent per year from 1977
through 1983: Only in the social sclenices was an actual decline

recorded—2 percent—continuing a drop which began in 1981
(table1). - - _ - P
-— The slowdown in-graduate engineering enrollment growth

may be partly attributable to the declining rates of growth

in the number of foreigners enrolled. From 1983 to 1984, the
number of foreign graduate engineering students increased
at only about one-half the 3-percent growth rate of U.S.
citizens. As indicated below; about two_out of every. five

graduate students in engineering in recent years have been

Table 1. Fultime graduats sclence/anginsaring anrollment

in doctorste-granting institutions by field: 1984
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nou-U & cuizens. hOWevel'. the propo"tlon has declmed

slightly since 1981. According to the American Society for

Engineering Education; nndergmduate enrollment fell by

nearly 3 percent in 1984.. pnmanly in the freshman and

sophomore classes.” Gradualte engineering enrollment may

therefore-level off or decline in the next few years. - -
The patterns of growth by field differ significantly for

men ~nd women. For mien, computer science was still the

fastest grawing fie!drup 10 percerit sifice 1983; for womier,

however; engineering showed the highest 1983-84 increase,

up 7 percent. Both of these rates represent sharp dec'!..cc

from the 1977-83 period, when_the number of men enrolled

in graduate computer scienge programs grew at an average
annual rate of 12 percent and the number of women in
engineering rose by 18 perceit per year.

SOURGES z'cND TYPES OF SUPPORT ,
The number of full-time graduate students receiving thexr

pnrary support from the Federal Gavernment increased

by 1 percent from 1983 to 1984; the same rate as the previous
year, an average annual decline of 4 percent from the 52.900
in 1980. Growth in graduate students supported by NSF (4

percent)and NIH (3 percent) accourited for most of the rise

in the federally supported graduate student total. The larg-

est relative growth; 8 percent, was reported in students sup-

ported by “other U.S. sources," including industry and non-
profit institutions. These sources; however, still accounted
for only about 7 percent of all full-timera. As in earlier
years, institutional furids supported the largest number of

S/E graduate students—two out of every five. The number

relying primarily on self and family. SUpport daclined 1 per-

cent, the first drop since 1879, while those receiving their

primary supporljtbui foreign sources showed an B—percent
decrease in 1883-84. -

- The number of graduate studentg relying on fellowilixps
increased_for the second consecutive year, with institutional

fellowships and those from other U.S. sources accounting

for most of the increase. Students holding federally funded

fellowships declined slightly, with increases in the number

of NSF and NIH fellowslu]is dffsét bj decreases in those

support for fell
rise in the dollar amount obl:gated for fellowshnps and trainee-

ships from 1983 to 1984.* The growth in NSF-supported fel-

lows reflects a se-percem rise in the amourit budgeted for
fellowshlps o o

- Research assistanis showed the- largest relative increaae
5 percent over the 1983 figure. This increase is consistent
with & 5-percerit constant-dollar rise in academic R&D ex-

penditures from FY 1863 to FY 1884.° Major growth came from

: 5;§rﬁiﬁ;ﬂni Enrollmeau. Fnll im in Englueenns Bducnﬁbn. Vol. 7.
No. 2 November 1088, p. 104. - - - -

“National Scisnce Foundation, Federul Supparl to Universities, (.’all
aﬁmmmmw Ym:ﬂi IWn_lhiniui:. D.C..lm).
unpublished data. -

*National Sclence Pmnduﬂnmjnmfimﬂwnf Estimates of Kppmpricﬁﬁ
wtﬁaCﬁmWYmimWﬁlﬁiﬁDn 1988, p. 88 -

- *National Sdence Foundation. Academic Science/Exginsering: ROD Fmg
Fiscal -Year 1984 (Detailed Statistical Tables)(in prass} (Washingwn, D.C.. 1908),
tabls B-8,

non-Federal sources, with smaller groth in federally qup-
ported research assistantships. On the basis of data pre-

sented in the FY 1985 and 1986 budget documents; the num-
ber of NSF-supported research assistants is expected to

level off after steady growth since 1981.7 As in_previous

years, almost all teaching assistanits—99 percent of the total

reported—depended primarily on institutional funding (chart
2.

A ———————— -
’Niational Sciénce Foundauoq Iusuflcauon of . Apgroprmﬂons to the Con-

gress, Fiscol Yeor 1985, p. 17, and Fiscal Year 1986; p. 20, op. cil.
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) CITIZENSHIP
ﬁllhough lhe total numberof Iorengn studems contmued

to rise, the 1983-84 increase of 2 percent was well below the

8- percenl average annual growth rate over the 1977-83 pe-
riod. By comparison, the 1983-84 rise in foreign enrollment at

Chart 3. Foreign full-time graduate science/engineering
enroliment in doctorate-granting Institutions
as a percent of total by field
! - Percent of total full-tims erioliment
(] 10 20 30 3i0 50
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all levels of hlgher educallon in all helds was lesa than 1

percent. Factors contributing to the 1983-84 redictiori in the
rate of growth include the strength of %l;eus. dollar, which

has made it more _costly for foreigners o come to the United

States to study. and the decline in oil prices, which_has
reduced the foreign exchange available to the OPEC coun-
tries. These nations accounted for 21 percent of the foreign
students enrolled |n Amencan mstl hlllOHS of higher educa-

gg'qduale engmeeung programs {han were U. S. students

bzt were underrepresemed in psychology and the life and

social sciences in comparison lo their proportion of total
graduate enrollment (chart 3).

‘Thls proporlion represenu a shnrp decline from tthl peroenun 1.{“

and -28 -percent-in-1982/83. See Institute of -International Education, Open
Doors:_1983/84 {New York: Institute of International Education; 1984); p. 23.
Upen Doors: 1984785 is curcently in press.

[E XXX E X ]

Belalled Stansllcal Tables for Acodemlc Scaence/Eng:-

avallable early in 1986. For further mformahon on the ta-

bles, contact the Editorial and -Inquiries-Unit, Division of

Scierice Resources Stiidies, tel: (202) 633-3622.

The Nauonai Scnence Foundation (NSF) haa Te!ephonic

o;fgreggral mformalion The TDD number is [202)
357-7492.
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ence and Engineering Doctorates Stable
in 1985, But Non-U.S. Citizens and Women

Increase Their Shares of the Total

_ The Survey of Earned Doctorates is conducted annually by the National Research Council for
the National Science Foundation; the National Endowment for the Humanities, National Institutes of

Health. and the Department of Education®. Approximately 95 percent of the 1985 recipients of the Ph:
D: and similar doctorates, e.g.. Ed. D., responded.-to the survey questionnaire. The date base also

includes some infarmation on nonrespondents that was obtained from public sources. Recipients of
first-professional degrees are notincluded (the M.D. degree, for example).

Highigha
¢ The number of science and engineering (S/E) doctor-

1984 and 7 percent above the recent low point in 1678. Although

S/E doctorates have been increasing; the 1085 total was still

4 percent below the peak reached in 1972.

~ ¢ Non-U.S. citizens earned 4,850 S/E doctorates in 1985,

an increase of 10 percent over 1884. They received 28 per-
cent of all S/E doctorates awarded in the United States in
1985; up from 25 percent in 1884, and more than in any

previous year. Most of these non-U.S. citizens; 81 percent in
19'35.”h§l’d tﬁﬁiﬁﬁi{iiyji@.; - o B

« The number of engineering doctorates was 3,165 in 1965, a
gain of 8 percent-over 1984. Both U.S. and non-U.8. citizens

contributed to_the increase. The 1.730 doctoral degrees
awarded to foreign citizens in 1885 represented a new high

level for this group. A 3-percent increase for U.S. citizens

was their second consecutive increase after an almost unbro-
ken series of declines following a peak reached in 1970
Over the 1870-85 period. the number of engineering doctor-

ates awarded -to U.S. citizens fell by one-half; and their

shiare of the total in this field declined from 74 percent to 43

percent.

*Additional Information la availabla from ihie National Research Council's

annusl publication series. Summary Report: Doctorate Recipients from U.S.
Universities {Washington, D.C:)

- The number of science doctorates was 15.090 in 1985,

slightly less than_in 1884._Non-U.S. citizens earned 3.120
science doctorates; an all-time high; increasing their share

from 17 percent in 1978 to 22 percent in 1985. The number of
U.S. citizens receiving science doctorates declined during
this period, a result of fewer awards to U.S. males.

* S/E doctorates were awarded to foreign citizens from
more than a hundred countries. An increasing share of the
recipients are from countries in East Asia. Consistently since

1960, over one-half the East Asians were from China, mosily
from Taiwgn*
- ¢ Women continued to increase their representation among

S/E doctorate reciplents, but not as rapidly as in the seven-
in 1685 were only 2 percent more than in 1984; significantly
below.the average annual increase of about & percent achieved
during the preceding 10 years. In 1985, women earned 1.340

moze 8/E doctorates than in 1878; men, in contrast, earned
135 fewer. The net effect of these divergent trends has baen
an increase in the proportion of degrees awarded to: women,
from 19 percent in 1878 to 25 percent in 1885, Over the years
women have earned bver 80 percent of their degrees in
psychology. life sciences. and social sciences.

~*Bome respondants report that "China” was their couniry of citizenship,

not allowing & claar distinction to be made between tha People’s Republic
of China snd Tatwan: Bassd on permanent addresses and sducational history,
howaver, it is belisved that most of thoss respondents are from Taiwan.

WiﬁﬁMiﬁimmmp;MdmnmmIMbi
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Ovoull Tunds ln Doctomo Ptoductlon o

There have been three distinct phase: in S/E doctur_ate
productlon -daring the 1960-85 period (chart 1) Dramatic
growth marked the-sixties with increases for both men and
women and for both U.S. and foreign citizens in number of

degrees ifi each of the major fields. The annual number of

S/E doctoral graduates rose from 6,260 iri 1960 to-a peak of

19,000 in 19872, an increase of over 200 percent. During the

second phase, which covered most of the seventies, the total

number of S/E doctorates declined to a low of 17,050 in 1978,

reflecting the rapid decrease for male U.S. citizens, During

the third and current phase; gains in the number of doctor-

. ates awarded to women and non-U.S. citizens have offset
the continuing decline for U.S. male recipients, gradually

_producing by 1885 an overall 7-pertent growth over the 1978
level:

Chart 1: Long-term trends In doctorate praduction

1960 '65 SR '80 "85
Year

,,,,,,i, oL B

ineraased by 31 percent since 1978, The 3;165 doctorates in
1885, however, remained below the peak production of 3,500 in
1871 and in 1972, Withir scierice fields, natiiral scierices are
increasing, whils the social and behavioral fields are decreas-
ing. Since 1978, natural sciences gained 10 percent to reach

9,400, while social and behavioral sciences declined by 6

- percent. Changes for 8/E fields since 1978 are summarized
'ln table 1

_Fo:ilgn elllzon Plﬂfclplihnﬂ -

Doctoral education in the HnitedStatumﬁnuad to attract
'-incmuing numbers of foreign citizens: The most rapid growth
in 8/B doctorates earned by non-U.8. citizens occurred in
the sixties and early seventies when awards to this group
iricreased froin 900 to more than 4,000 After declining to
less than 3,500 in 1978, tiie numbers have again increased

) - Change

Fisld 1978 | 1985 | Number | Percent
Total S7/Edegrees- .. | 17,048 | 18;255 1207 7
i";é;ﬁé;; i;;séé is;@ ;éé 5
Natural sciencs............... 8,562 | 9,408 846 10
Physical sciences ......... 323 | 3531 | 287 | 9
Lifssclences ............. 4,369 | a.877 508 12
Mathematics - .......: . 838 689 -149 -18
Computerscience ......... i21 31 190 157
Social and behavioral I )
Sclences .................. 6,063 5,682 -381 -8
Socialsciences . ......... | 3.008 | 2607 | 401 | -i3
Psychology .............. 3,005 | 3.075 20 1
EngIneering ................. 2 nié 3,165 742 3
Non-S/E degrees ............. 13,827 | 12,946 | -881 -6

SOURCE: National Science Foundation

rapidly, particularly in the last three years. ln fict this
increase was more than sufficlem to account for the growth

in S/E doctorates; the increase of 1,440 in foreign recipients

with temporary visas since 1878 whs greater tlian the increase
of 1:200 in all S/E doctorates. - - -

--Foreign citizens earned 4,850 S/E doctorates in 1885, almost
10 percent more than in 1884, and about 21 percent of total
S/E doctorates in 1878 (chatt 2), This share, shiowing a defi-

porcant

60— - - 60
gy ey g W

| Engineering fieids _;.— - .

50— }- =" — e -

Degrees sarned by
-—— non-U.S. citizens
- | 1978 | 1985 | {40
Sciences ... | 2,383 | 3,119 :
36-,,:::: IlTToIiiiIooT Engineering. | 1,093 | 1.728 | {3p




nite upward trend in the last five years; reached 28 percent

The increase in the forelgn doctoretes since 1978 follows a
substantial increase in the-niimber of full-time foreign SZE

graduate students since 1977: 63 percenit for science and 71

perceat for engineering between fall 1877 and fall 19842 The

trend suggests even more foreign doctorate recipients in the

years shead._

-‘Most l'orelgh doctorate reclplents have temporary visas,

which are relatively easy to obtain and which normally grant
them pe'mluion to remain in the Umted States only while

portion of the non-U.S: recipients. The number of S/E doc-

torates earned by temporary_residents has increased in each

year since 1978, from 2,500 to 3,950 in 1985. During the same

period; the number of S/E doctorates earned by non-U.S.
permanent residents declined from 970 to 900. As a. Tesult,

1985 o
Field dletrlbut!on For non-U S, citizens engmeenng Jms

been the primary major field since 1967, and it has repre-

sented a growing proportion of the awards to non-U.S. citi-

zens since that time. An-upturn:in the last two years has
restored the number of U.S. cxtizens eerning engineering

7-year periodljx 58 per’c’eiit, fron; 1,100.to 1,730. Therefore.

ting in 1961 and continuing through 1985, non-U.8. citi-

zens have received more than one-half of the engineering

doctorates: In 1885, non-U.S. temporary residents received
47 percent; and non-U.8. permanent rasidents received 10
percent of the enginearing doctorates. -

~The engineering disciplines attracting the most. nomu.s

citizens in 1985 were electrical/electronics, mechanical, civil,

and. chemical engineering, in that order. Foreign citizens

earned between 48 percent and 67 percent of the doctorates
in each of these four disciplines. Other engineering special-
ties with high proportions of doctorates awarded to non-U.S.
citizens included aeronautical/astronautical, agricultural, com-
puter, industrial, and ocean engineering. Representation of
foreign citizens was considerably lower in some engineer-

ing specialties; in bioengineering, for example, they earned

27 percent of the doctorates. .~ _

_Foreign citizens also earned relatively lerge shares of the

1985 doctorates in methemetice (a3 percent]. computer sci-

joral sciences, ,and ;l percent in biological sciences. ”'I:’l}ey
have increased their shares substantially in mathematics
and computer sciences since 1978,

__The total number of science doctorates has increased by

485, or 3 percent, since 1078; There was an increase of 800 in
non-U.S; cltizemwith temporary visas, while the number of

Nationai Sciencs Foundation; Academic Science/Enginsering: Graduate
Enrollment end Support, Fall 1984 (Datailéd Siatistical Tables) (Washington,
D.C..1080).

Support for doctoral study Forelgmgraduate students were

more likely than U:S: citizens to obtain their primary sup-

port through research and teaching assistantships (chart 3).

Sixty-one. percent of the foreign recipients versus 47 per-
cent of the U.S. citizens received their primary support
through these sources. !r: vart. this reflects the limited eligi-
bility of foreign students for direct U.S. Federal programs.
Those with temporary status may also face restrlctions on

employment in the United States because of visa limitations

or language difficulties, and are less likely to have working

spouses._Family contributions were @ more frequent pri-

mary source for foreign citizens than for U.S. citizens. Many

non-U. S cmzens with temporary visas rehed on “other

countrl es.

World reilom u S umuersxtiee award doctoretes to stu-

dents from more than a hundred different countries. For 25

years; East Asia and West Asia have each provided abnut
one-fourth of the foreign recipients; but in the last four years
and particularly in 1985, there has been an increasing pro-

portion from East Asia.* Among those non-U.S. citizens who

reported thenr ‘country- of citizenshnp in 1985 32 percent were

increases from Eastz’ma have been provided prlmarrly by

China_ (includmg Taiwan) and Korea; with increases of 76

percent and 145 percent, respectively; since 1881. Doctorate

recipients from Iran reached a peak of 280 in 1964 and declined
by 20 percent in 1985 {table 2)..

Tlhh z mdlng coentrlu of odgln of tmlgn cltizens
recelving sclence/engineering (S/E) dectorates: 1385

____ Country of citizenship S/E doctorates

Total ool e 4,847
China (including Taiwan)' .. ..o illiiiiiiiiiiiiii 792
MBI ©. . e 453
L 316
AN .o e 225
CaNAOB. ... ... 17
NIgOFIE . ........... ... iiiiiiiiiti 105
211 P A 100
MEKICO-. . ..... ...ooeeieieeeaniiiitiieneeanes 100
England ... oolloiiiiiiiiiiiiiiiiiiiiini 99
Japan, Okinawa, Rykus .. .................coovnen. 85
TRl . ool 93
Other couNtres . .. . .. ..ieeineeniininnennn, 1,803
Countrynotrepocted ................... s 519

: "l?ne eonntrlea pmvjdlnu mmt reclplentl from East Asia were China (lndnd-
in. Taiwan]. Kores, Thailand, japan. and Hong Kong. The principal countries

from West Asia were India. iran, Israel, and Turkey.

Pt |
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Chart 3. Primary source ol suppon in gracuate school of science/enginesring doctorate roeiplonts by cltizenship 1985’

U.S. cltizens Now-U.S. permanent visa Non-U.S. tamporary visa ,
0 2 % _ __ so 2 4 60 22 @ 6
T T T — T T 1 T T B T T T T
] ]
] I ] ]
] 1]
] ]
towrs [] | |
own amings || ] ]
Spouse’s samings .:J ] !]
Fiii,y, S ,ﬁ J 3
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Moannl lncltlnn. Foreign citizens do not noceuarily
leave the United States upon receipt of -a doctorate from a
U.8. institution. Temporary visas may be renewed under
certain conditions. Of those 8/E reciplents in 1885 reporting
definite commitmerits {a signed contract or slmilaurrange-
ment) and expected location at the time of graduation,® 87

percent of the U.3: citizens, 92 percent of the non-U.8. citi-

zens on permanent visas, and 54 percent of those on tempo-
rary visas expected to locate in the United States.* For the
latter group; equal numbers had commitments for postdoc-
toral study as for employment, about 800 each. Recipients of
doctorates in engineering reported higher-rates of definite

commitments and expected locations in the United States

than did the science doctorates. The rates in engineering

were 96 percent for U.8. citizens, 96 percent for non-U.S.
citizens on permanent visas; and 63 percent for thuse with

iamporuj visas.
-Pmﬁfon of Woﬁn

non-B 8. dt!nin continues to be one of tha most algnlﬂcant

" !!Mnmtwﬂu!@mmmuma S
. - “Among ell foreign 8/B doctorate recipients, nmntum.dm be
lecated in the United States and 31 percent outside the United States; 29

percent did not report & location.
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developments in higher education over the last 20 years.
The proportion of women earning master’s degrees (S/E
and non-S/E combined) exceeded one-half of a]l master's
degrees awarded in the United States for the first time in
1981, and they exceeded one-half of all bachelor’s degrees

in 1982.7 The proportion earning S/E doctorates reached 25

percentip 1985 (chart4). .

Women earned 4,650 S/E doctorates in 1985, only 2 per-
cent more than the previous year; but 40 percent more than
in 1878. During the last seven years women mcreased thexr

earned by men decreased by 135. Consequently. women

increased their representation among S/E doctorate recip-

ients, though not as rapldly as in the aeventies and early

eighties. .

The Eéf)féiéfilaﬂon of women among dociorate recnpients
is greater for U.S. than for non-U.S. citizens. Among U.S.
citizens, 30 percent of the S/E doctorates in 1985 were earned
by women; the comparable figures for non-U.S. citizens with
permanent visas were 20 percent, and only 13 percent for

those with temporary visas.

-"Department of Education, Nationa] Center for Edacation Statistics, - Survoy
of Dégrees and Other Formal Awards Conferred, annual sutveys (Washington,
D.C)
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Chart 4- Shaves of doctorates sarned by women number and share of engineering doctorates awarded tu
women can be expected to increase.® -
Percent - ---Woiieii earried 28 percent of -all sclence ductorates in

60 - 60 1985 ‘They earned 23 percent of the degrees in natural sci-

ences and 41 percent in social and behavioral sciences. The

greatest proportions of women among doctorate recipients
in 1985, as in the last 10 years; were in psychology {49 per-
cent of the doctorates), social sciences {32 percent), and life
sciences (20 percent). The lowest participation rate for women
was in computer sciences (11 percent). -- S

“The field distributions differed for U.S. and foreign women.

Mora than 53 percent of U:S: women chose social and behav-

mral;ciencaflelds compared to less-than 30 percent-of

foreign women:; this difference resulted primarily from dif-
ferences in doctorates in psychology, chosen by 37 percent
of U.S. women but by only 8 percent of non-U.S. women.
Biological sciences attracted nearly equal proportons of the
U.S. and foreign women earning S/E doctorates (27. per-

cent), while engineering doctorates were more likely among

1960 ‘85 70 75 ‘80 ‘85 foreign women (11 percent) than U.S. women (3 percentj}.

SOURCE: Nations! Sclence Feundalian e S S - -
*Engineering Msnpower Commission. Engi neerinﬁ and Technology Earoll-
ment. Fall 1984 [New York: American Association of Engin€ering Societies).
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earned by men were in 8/E fields, compared with only 43 NOTE: NSF has TDD (Telephonic Device for the Deaf)
percent for women. Nonetheless, women have increased capability which enables individuals with hearing
their representation in 8/E fields; their 198 engineering impairments to communicate with the Division of Per-

degrees accounted for more than 8 percent of the total doc-
torates in that field. Inasmuch as the full-tirie enrollment of
women in undergraduate engineering increased from 34,000
in 1978 to 62,700 in 1984, an 84-percent increase, both the

NSF programs. employment, or general information:
This number is (202) 357-7482.
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